Background: Snakes possess adaptive characteristics of morphology that may result in incorrect reconstruction of phylogeny. Molecular approaches have become the major source of new information for advancing our understanding of evolutionary, genetic relationships, and species identification. 
Ophiophagus hannah (OH), known as the king cobra, is the world's largest venomous snake with a length up to 5.8 meters. King cobras feed mainly on other snakes including rat snakes, small pythons, and even other venomous snakes such as various members of the true cobras (genus Naja) and members of the krait family. When food is scarce, they may also feed on small vertebrates, such as lizards, birds, and rodents. O. hannah are distributed across south Asia, southeast Asia, and the southern areas of east Asia (e.g. southern China) where it is not common. They can be found throughout Thailand where the largest known king cobra was caught at Nakhon Si Thammarat in southern Thailand [1] . O. hannah likes living in light wooded areas and in open grasslands. However, they can also be found on agricultural land. They often lives near water. They can swim and climb well. They can also move forwards very quickly with an upright head and anterior part of body. King cobras are active at night and during the day. The venom of the king cobra consists primarily of neurotoxins, but it also contains cardiotoxin and some other compounds. Like other venomous creatures, the toxic constituents are mainly proteins and polypeptides [2] .
The traditional classification of snakes is based on morphological and histological characteristics [3] . However, snakes possess adaptive characters in various respects of morphology, which may cause misinterpretation of morphological characters to reconstruct incorrect or unresolved phylogeny. Because of this possible confusion, molecular approaches, such as DNA sequencing, have become the major source of new information for advancing our understanding of evolutionary and genetic relationships, and species identification [4, 5] . Comparative sequence analysis is currently used in almost all areas of the biological sciences, including the taxonomic and forensic fields [6] . There are well-recognized advantages for using mitochondrial DNA (mtDNA) sequences for phylogenetic and phylogeographic studies. They offer ease in collecting sequence data because of the compact and conservative gene organization without introns in mitochondrial genes [7] [8] [9] . Within mtDNA, some gene sequences are thought to exhibit little intraspecific variability (within members of the same species), but show sufficient interspecific variation (between different species) to allow for an estimation of degrees of relatedness and divergence times via calibrated molecular clocks [10, 11] .
The present study involves DNA sequences of mtDNA including ND2 and CR for the phylogeographic structure of O. hannah in Thailand. The ND2 gene is preferable for examining intraspecific relationships in snakes [12] . CR was also chosen because it is more variable than other regions of the mitochondrial genome. We expected these genes used in conjunction to allow resolution of close as well as more distant relationships within O. hannah in Thailand because of their different rates of evolution. Phylogenetic analysis of DNA sequences would also be compared to the published sequences of O. hannah deposited in NCBI GenBank database including O. hannah from Myanmar and southern China [13, 14] .
Materials and methods

Samples
Twelve O. hannah were obtained from various localities in Thailand. Their shed skins were collected and washed with sterile distilled water, dried in air and cut into small pieces.
Mitochondrial DNA (mtDNA) extraction
Mitochondrial DNA extraction was performed using 25 mg of each shed snake skin using a genomic DNA extraction kit (tissue) (RBC Bioscience, Beverly, MA, USA). All samples were transferred into a microcentrifuge tubes and 200 ml of GT buffer was added into the tube. A micropestle was used to grind the tissue to a pulp. Proteinase K (10 mg/ml) was added to the sample mixture, which was mixed and incubated at 60°C for 30 min to lyse the sample. During incubation, the tube was inverted every 5 min. GB buffer (200 μl) was added and vortexed for 5 s to mix sample and incubated at 70°C for 20 min. During incubation, the mixture was inverted every 5 min. Then, absolute ethanol (200 μl) was added to the sample lysate, which was immediately vortexed for 10 s. A GD column was placed into a 2 ml collection tube and applied the total mixture to the column. The GD column was centrifuged at 13,000 rpm for 2 min and the flow through discarded. The GD column was returned to the 2 ml collection tube. W1 buffer (400 μl) was added to the column and centrifuged at 13,000 rpm for 30 s. The flow-through was discarded and returned the GD column to the 2 ml collection tube. Wash buffer (600 ml) was added to the column and centrifuged at 13,000 rpm for 30 s. The flowthrough was discarded and the GD column returned to the 2 ml collection tube. The column was centrifuged at 13,000 rpm for 3 min to dry the column matrix. The GD column was placed into a clean 1.5 microcentrifuge tube. Preheated elution buffer 50 μl was added to the center of the column matrix and allowed to stand for 2 min until elution buffer is absorbed by the matrix. The microcentrifuge tube was centrifuged at 13,000 rpm for 30 s to elute purified DNA.
Oligonucleotide primers and amplification
CR and ND2 oligonucleotide primers were designed based on NCBI GenBank database ( Table 1) . DNA amplification using PCR was carried out with 50 l reaction buffer containing 10× buffer, 100 mM each of dNTP, 25 mM MgCl 2 , 50 pmol/μl of sense and antisense primers, Taq DNA polymerase, and 10 μl DNA template. The amplification was conducted on a thermocycle (MWG Biotech, High Point, NC, USA) at 94°C, 3 minutes, followed by 40 cycles of 94°C/56°C/72°C one min each with final extension of 72°C for 7 min. The final products were electrophoresed on a 1.5% agarose gel containing ethidium bromide in 1× TAE buffer along with appropriate molecular size markers. The gel fragment containing the amplified product was excised and extracted using Gel/PCR DNA fragments extraction kit (RBC Bioscience, USA).
Nucleotide sequencing and phylogenetic analysis
Sequencing was carried out using the same primers used in the PCRs by first BASE sequencing (Malaysia-http:// www.base-asia.com). CR and ND2 DNA sequences from O. hannah were aligned using Clustal X and comparison with other O. hannah reported on NCBI GenBank database. Aligned sequences were analyzed using MEGA 4.0 program for the phylogenetic tree (Neighbor-Joining) and genetic distance (p-distance) [15, 16] .
Results
A phylogenetic tree (Figure 1 ) was built from ND2 using Neighbor-Joining (NJ) and separated into 2 Clades; A and B. Clade A consisted of OH1, 2, 3, 4, 8, 9, and 10, whereas Clade B comprised OH5, 6, 7, 11, and 12. The polymorphic sites of ND2 were 43 nucleotide positions and 14 nucleotide positions of CR (not shown) among 5 haplotypes and 4 localities ( 
Discussion
Morphological or histological characteristics alone cannot be used for species identification of species that have adapted the characters of their morphology or altered their visually recognizable features. In this regard, molecular techniques have proven to be an effective tool for reliable species identification, phylogenetics, and biodiversity analysis, and may be the key to successful work in law enforcement and conservation of wildlife [17, 18] . Phylogenetics and phylogeographic studies of snakes are rare and most have used mitochondrial genes, such as cytochrome c oxidase subunit 1 (CO1), cytochrome b (Cyt b), and NADH dehydrogenase subunit 4 (ND4) [9, 19, 20] . Studies of other vertebrates have often used CR because of its extreme variability [21] . Cyt b has been reported to be a highly conserved region of mtDNA, but a very less intraspecific variation was observed in this region [22] .
This study used ND2 and CR to construct phylogenetic relationships of O. hannah distributed in Thailand. ND2 is preferable for examining intraspecific relationships in snakes. CR was also chosen because it is more variable than other regions of the mitochondrial genome [12] . However, CR showed less sequence divergence than the ND2. It is possible that ND2 might be better than CR for intraspecific analyses in snake such as O. hannah. In particular, levels of sequence divergence were Table 2 . Polymorphic site of haplotypes using ND2 indicated nucleotide sequences of each polymorphic site (compared with nucleotide sequences 151-886 from the NCBI GenBank database) started from oligonucleotide primers. 
Haplotypes 43 Nucleotide positions No. of samples and localities
A A-G-C-T-C-C-C-C-A-A-A-G-A-A-A-C-C-C-A-C-A-C-A-A-T-T-A-C-C-C-T-G-T-A- 7 (Southern) G-C-A-A-A-C-C-C-A B A
-A-T-C-T-T-T-T-G-A-G-A-G-T-T-C-T-A-G-T-G-T-G-T-C-C-G-T-A-G-C-A-C-G-1 (Northern) A-T-C-A-C-T-T-T-G C G-A-T-C-T-T-T-T-G-G-G-A-G-T-T-C-T-A-G-T-G-T-G-T-C-C-G-T-C-G-C-A-C-G-1 (Northern) A-T-C-A-C-T-T-T-G D A-A-T-C-T-T-T-C-G-A-G-A-G-T-T-C-T-A-G-T-G-T-G-T-C-C-A-T-C-G-C-A-C-G-1 (Western) A-T-C-A-C-T-T-T-G E A-A-T-T-T-T-T-C-G-A-G-A-G-T-T-T-T-A-G-T-A-T-G-T-C-C-A-T-C-A-C-A-C-G-2 (Central) G-C-C-G-C-C-T-T-G
